The City of Whittlesea is in Melbourne's north and is one of the largest municipalities in metropolitan Melbourne. The council GIS team using current aerial photos from 2017 and LiDAR ("LiDAR" stands for Light Detection and Ranging) point clouds 2009 products to identify trends in urban tree canopy cover in the established suburbs of the municipality between 2009 and 2017. The tree canopy coverage was calculated for residential properties, road reservations, public land and park sites within urban parts of Bundoora, Epping, Lalor, Mill Park, Thomastown, and South Morang. From the total project area of approximately 3499 hectares a test site was selected based on an extension of one of the LIDAR data tiles (e325n5828). This project investigates only 6 meters and higher tree canopy cover within the project area. The objectives of the project were to establish a methodology to calculate the urban tree canopy coverage from LiDAR 2009 data, that can be replicated in future calculations. The calculated urban tree canopy coverage from LiDAR 2009 data is 9%, compared to 8% coverage in 2017, based on aerial photography. This estimate was compared to similar Local Governance Areas that range from 12% to 40%. A key to planning and managing urban tree canopy is first to understand the quantity, quality, tree density and distribution of the resource across the landscape. Tree inventories and urban tree canopy analyses comprise an assortment of tools, technologies, and procedures that help us understand the structure and function of our urban tree canopy. The data and information gleaned from urban tree canopy assessments enable resource professionals and policymakers to make informed decisions about ordinances, housing di-829 Engineering versity strategy, and budgeting, future tree planting programs and reduce urban heat islands.
Introduction
Canopy tree cover is the aboveground portion of plant or crop growing in a particular area. This Project was developed to support the Stage 2 implementation of the Council's Housing Diversity Strategy 2013-2033 (HDS). The Project sought to identify trends for urban tree canopy cover in the established suburbs of the municipality between 2009 and 2017. The expectation was that urban tree canopy cover data had reduced over time, with probable causes being infill development, the millennium drought, and the natural senescence and renewal of street trees [1] . A downward trend in urban tree canopy cover, if identified, would support changes to planning controls to increase private open space and landscaping, particularly canopy trees, in new residential development.
The HDS 2013-2033 states that the dominance of hard surfaces, building bulk, and lack of access to attractive outdoor spaces, has been a key design concern with residential development in the City of Whittlesea [2] . These extensive hard surfaces, un-shaded by vegetation, absorb the sun's heat and lead to metropolitan temperatures that can be seven degrees Celsius higher than those in surrounding rural areas [3] .
The Project identified a critical decline in urban tree canopy cover in areas of highest infill development activity, from an already low base. The project also highlighted serious inequities in overall urban tree canopy cover when compared to other middle ring suburbs of Melbourne. Total urban tree canopy cover for the established areas of the municipality in 2017 was 8% compared to canopy cover measurements in similar LGAs (new born plants) that range from 12% to 40%.
There is a need to increase and maintain urban tree canopy cover going forward, from the perspective of amenity, energy efficiency and urban heat island effects. Whilst Council has an ongoing role in managing and increasing tree cover in public parks and residential streets, trees in the private realm are also important contributors to the urban forest [4] . The data from this project will be used to support changes to planning controls for residential housing to ensure canopy trees are provided as part of new development in private residential land.
The recommended planning scheme changes include a local planning policy addressing housing typology and design, and changes to zone schedules to ensure canopy trees are part of the development design, and that residents have access to useable private open space [5] . 
Background
The HDS (key design principles in Environments for people) sought to establish a preferred character in the established suburbs using key design principles for new residential development, including increased landscaping and particularly the provision of canopy trees in front and rear setbacks. Other elements of the key design principles seek to improve the internal and external amenity of housing in the established suburbs, including access to secluded private open space and generous side and rear setbacks. The HDS key design principles, if taken into account in the design of the development, should be directing an overall increase in the quality and quantity of landscaping. However, the provision of canopy trees is an important spatial requirement in development design that has not been well executed to date. This has been partly attributed to the incomplete implementation of the HDS in 2015 when new residential zones were approved by the Minister for Planning.
The HDS is a reference document in the Whittlesea Planning Scheme, from which policy elements were introduced to Clause 21 (Municipal Strategic Statement) in 2015. Despite this existing planning scheme support, VCAT reviews of development applications have not applied weight to the canopy tree requirement due to the perception that there should be more local content in the planning scheme to support canopy trees.
As such, an important objective of the Stage 2 HDS implementation in 2018 will be to introduce planning controls that provide more certainty with respect to the delivery of canopy trees, with an overall improvement in the landscaping response. Although the canopy tree requirement is part of Council's adopted housing policy, there was concern that the evidentiary support for its inclusion was not clearly expressed in the HDS. As such, the Urban Tree Canopy Cover Project was developed to provide locally specific evidence that intervention is required if canopy trees are to be delivered in both the public and private realm.
Methodology
The opportunity to undertake the project arose due to the availability of LiDAR data from 2009 which could be used to "benchmark" the urban tree canopy cover from that period. The technology uses pulsed laser light to measure the distance to a target on the ground, in this case measuring the ratio of vegetation to ground and buildings.
LiDAR imaging is very expensive, and 2017 LiDAR data was unfortunately not available. Instead, a project methodology was developed by GIS officers in Council to build the 2017 data using aerial photography. The project methodology is detailed in the following sections. Engineering
Vegetation Parameters
The data from the Project is expressed as "overall canopy tree cover" which is a measure of the physical coverage of the tree canopy cover over the land [7] .
It is a measure that can be used to assess community resilience to climate change. For example, a recent study on the urban heat island effect in Melbourne recommends that one of the most cost efficient and effective climate change mitigation strategies is to ensure a minimum canopy cover of 30% within the municipality [7] .
An early consideration in the project design was how to define a "tree", to separate this form of vegetation from shrubs and groundcover in the data analysis. The figure of six metres and above was selected for the following reasons: • 6 -8 metres are defined as a "small tree" in Clause 58.03-5 (Apartment Developments: Site layout-Landscaping objectives) of the Whittlesea Planning Scheme. This is the only part of the planning scheme which currently defines a tree by size.
• When defining a tree, the term usually applies to plants at least six metres high at maturity. This would appear to be the minimum to achieve the "shading intent" of urban tree canopy coverage.
Study Area
The 2009 LiDAR data was available within a spatial arrangement of "tiles" which could be overlaid within the boundary of the established suburbs to create the study area (refer to Figure 1 ). Epping Central was excluded (as it is subject to the Epping Central Structure Plan and the Activity Centre Zone), as was any tile that was lower in residential content (such as the areas with a proportion of industrial development south of the Metropolitan Ring Road). 
Data Capture Methods
Data capturing method is the method is the method of collecting information and then changing it into a form that can be read and used by a computer. The measurement of urban tree canopy cover is a challenging exercise because the remote sensing technology does not distinguish between trees and buildings, so both would be captured above the selected elevation of six meters.
A literature review was undertaken, followed by trials with various methods for measuring tree canopy cover using LiDAR plus aerial imaging. The intent was that a consistent methodology is developed to continue measuring urban tree canopy cover in the future.
ArcGIS image analysis delivered the most efficient methodology in terms of time and accuracy. Future Manipulation Engine (FME) Workbench was then used to calculate areas of total tree canopy cover (crown), dividing the proportions of canopy cover per suburb within the following categories: Classification and with tree crown delineation-using watershed ss. The results showed less than 1% departure from the previous data, indicating that the Project has provided reliable estimates of tree canopy coverage across the study period.
LiDAR data for 2017 is being purchased later in 2018, and the methodology can be used again, to test the Project results for accuracy.
Results and Discussion
The results provided comparative tree canopy cover percentages for the separate location categories in 2009 and 2017 (refer Figure 2) .
The benchmarking at 2009 showed that the established areas of the municipality had a relatively low overall tree canopy coverage of 9%, which dropped to 8% over the study period. LGAs have a tree cover of less than 10%. Wyndham, Melton and Hume, which present less than 10% tree cover, have grass-bare ground cover of over 77%.
For the most part, the LGAs with less than 20% tree cover are in the inner city Between 2009 and 2017, the "high development area" experienced a loss of 23.45% canopy cover (Lalor) and 25.25% (Thomastown). To put this further into perspective, Lalor and Thomastown represent a combined 45% of the study area but accommodate less than 2% of the overall urban tree canopy cover. Identifying the reasons for tree canopy loss in road reservations (−17.08% in the high development area) is not straightforward. There is ongoing street tree renewal programmed in these areas due to natural senescence, and the millennium drought has impacted the health of trees in public places (although the losses in Council land may be a more realistic measure of this effect). However, there is no doubt that infill development also leads to the removal of street trees due to driveway duplication/relocation, and the relocation of utility services as part of development.
Visual Tools
The project provided an opportunity to obtain visual representations of tree canopy cover decline and the way that "backyard spaces" have diminished over the study period. Figure 3 shows LiDAR-derived tree polygons (?) from 2009, overlaid on a 2017 aerial photograph of a block with high development activity within the suburb of Lalor. Figure 4 shows the same block with the LiDAR representation of 2009 trees (mostly now lost) shown in elevation.
The visual representations make it clear that infill development has diminished the amount of private open space available to residents, and that canopy tree losses as a result of development are unlikely to be replaced due to the lack of suitable growing space (refer Figures 5(a)-(c) ). 
Recommendations for Planning Scheme Changes
The HDS highlighted key design concerns with residential development in City of Whittlesea that relate to the dominance of hard surfaces and building bulk, and lack of access to attractive outdoor spaces [10] . These hard surfaces, un- This is not to ignore the amenity value of trees, which is likely to have also been an important factor in their inclusion in the HDS key design principles.
However, the "amenity" argument has not prevailed in VCAT reviews of Council decisions, and the trees are generally not delivered in newly approved development. In contrast to this, monetary values have been applied to the environmental benefits of tree populations and to the health impacts of urban heat islands. Increased tree canopy cover can reduce the local impact of heat in our residential environments, and increase carbon sequestration to contribute to the reduction of carbon emissions. Urban forests assist with the management of storm water, improve air quality, provide habitat for wildlife and contribute to landscape values and aesthetics [11] .
The Resilient Melbourne Strategy notes that extending and linking urban greening, reforestation and initiatives to introduce nature across Melbourne will improve wellbeing and reduce exposure to hazards such as heat waves and flooding. These phenomena will become widespread and will disproportionately affect vulnerable community members such as older residents, those in poor health and the financially disadvantaged. A primary community resilience objective from the Resilient Melbourne Strategy is to enable strong natural assets and ecosystems alongside a growing population [12] .
Whilst Council has an ongoing role in managing and increasing tree cover in public parks and residential streets, trees in the private realm are also important contributors to the urban forest [13] . One indication of the increasing awareness of this issue was the recent introduction of a "deep soil and canopy tree objective" as part of the Better Apartment Design Standards in the Victorian Planning Provisions:
To promote climate responsive landscape design and water management in developments to support thermal comfort and reduce the urban heat island effect.
The relevant provision seeks a minimum number of canopy trees within the site, determined by the site area.
As such, data from this project will be used to support changes to planning controls for residential housing to ensure canopy trees are provided as part of new development in private residential land m ( Figure 6 and Figure 7) .
According to the Institute for Sustainable Futures (ISF), the City of Wyndham has the greatest potential for increased tree canopy coverage due to its large expanses of grass-bare ground cover. In their 2015 report, the ISF determined that approximately 3.1% of the area of Wyndham was covered by tree canopy. Compared to other growth areas, such as Cardinia (32%) and Whittlesea (19%), there is significantly less tree canopy coverage in Wyndham. 
Local Planning Policy
It is policy to achieve the provision of canopy trees that supports the delivery of preferred character in the established areas, softens the building form, and is proportionate in size to the scale of the development. 
Conclusions
The Urban Tree Canopy Coverage Project has shown a decline in urban tree canopy cover in the established areas of the municipality between 2009 and 2017, from an already low base. The decline was particularly severe within areas of high infill development activity.
The physical coverage of tree canopies over the land is a measure that can be used to assess community resilience to climate change. For example, a recent study on the urban heat island effect in Melbourne recommends that one of the most cost-efficient and effective climate change mitigation strategies is to ensure a minimum canopy cover of 30% within the municipality.
The data obtained in this project will support changes to the Whittlesea Planning Scheme to ensure that more canopy trees are delivered as part of new residential development. This is a key design element of the HDS and is an important adaptation strategy to assist community resilience to climate change.
We will use 2018 LiDAR data for 10 years comparation urban tree canopy analysis to better understand the structure, function and distribution of urban tree canopy within our public and private realm. To manage urban trees and develop canopy coverage benchmarks and policy aspirations requires an understanding of the density and spatial distribution of trees across the landscape.
